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ABSTRACT
This study compared horizontal impact tables to incline
impact tables . The hypothesis is that both tables could
achieve the same resultant impact. This study proved that
this is possible. However, the initial speed at which the
table is set, and the type of programmers used on each table
effected the resultant impact. A number of trial runs with
setting adjustments were necessary before a three
mile-per-
hour resultant impact was achieved. Once this setting was
achieved to create the proper impact, both tables were
within a 5% error when thirty consecutive impacts were
produced on each table. Reproducibility was achieved with
minimum variation.
A future study would be useful in breaking down the
effects on impact based on varied duration and g force.
This study only used the change in velocity which is a
combination of the duration and g level. On any given
product, the individual component or the duration or g force
or any different combination of the two may have an impact
on the product being tested.
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Introduction
Currently there are two types of impact tables on the
market to test for horizontal shock. It is believed that
both tables can provide the same representative impact.
However, no available literature actually compares these two
tables. This thesis will compare incline and horizontal type
impact tables and they can achieve equal resultant impacts.
Although rail is still used today, truck and pallet
marshaling are more typical transportation events to which a
package may be exposed. To simulate pallet marshaling and
truck movement in horizontal motion, an impact table is
used. This study will be done strictly for the
representation of pallet marshaling. To simulate this, an
assumption of three miles-per-hour impacts will be used to
represent the average speed of a fork truck in the
industrial environment. The two impact tables used in this
study have different mechanisms that provide table speed.
The incline table uses gravity to create the necessary speed
at impact of three miles-per-hour (mph) . The horizontal
table uses hydraulic pressure to ramp up speed to create a
three mph impact. Currently, it is thought that both tables
require an operation speed of three mph to create a three
mph impact. This study will show if this theory is correct,
or if adjustments to the horizontal table are to create the
same resultant impact. The incline impact table has fewer
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methods of modification. It is believed that because the
horizontal table has more adjustment capability that it can
be adapted or controlled to suit the test need.
Historical Background
There are two types of impact tables on the market to
test for horizontal shock. "Horizontal impact occurs in the
distribution environment through rail switching, pallet
marshaling, and other
sources."
(ASTM D 4003-81) "Control
Horizontal Impact Test for Shipping
Containers"
is a method
of applying controlled levels of shock input to obtain
optimum design for protecting products and prescribing modes
of shipping and handling that do not induce damage to
packaged products.
This test method requires horizontal impact test
machine with a guided test carriage on which the test
specimen is mounted against an upright bulkhead
perpendicular to the specimen. The test machine provides a
means of linearly moving the carriage into a programmed
impact surface. The programming devices provide shock
pulses through hydraulic devices, springs, or cushioning
materials."
(Marilyn Bakker, The Wiley Encyclopedia of
Packaging Technology, (New York: John Wiley & Sons, 1986)
661)
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These tables were originally created to simulate rail
car shunting. They are important for use in developing
packaging for the distribution environment.
"An 'incline-impact
tester'
is designed to duplicate
the effects of rail-car humping. The results are similar to
the drop test, but the shocks are applied only to the flat
surfaces. A package is placed on a dolly on a sloping
runway and allowed to ride down until it strikes a solid
wall. A typical test would be one impact on each of six
sides from a distance of 5 feet up the incline (6 mi/h at
impact)."
(Joseph F. Hanlon, Handbook of Package
Engineering,
2nd
ed. (New York: McGraw-Hill Book Company,
1984, 18-2, 18-3.) This test method is used to represent
rail shunting.
When investigating the different types of test machines
on the market, I found the majority of literature available
on these machines, (outside of manufacturer literature) was
test specifications. These specifications reference
additional literature, which do not specifically address
horizontal impact testing. Most literature refers to
"horizontal impact testing,
" in terms of using either a
horizontal impact machine or an incline impact machine.
When talking with manufacturer representatives and other
packaging engineers in the industry, most historical
information was passed on by word of mouth rather than by
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written reports. Most packaging engineers will state that
this test was created and used for rail humping. One
equipment manufacturer was told that the test initially
represented a product being unloaded from a rail car on a
incline ramp from the rail car door to the final surface.
At one point, rail was the most popular mode of commercial
transportation. More recently, truck, plane, and ship
transportation have grown in use by the industry. In a
warehouse situation, a fork truck is the most common mode of
product transportation. If the product is to be transported
by any of these means, the need for a horizontal shock
testing is best in representing these scenarios .
No available literature actually compares these two
tables .
Xerox requires that products be tested to simulate the
distribution environment which includes horizontal impacts
from truck load and pallet marshaling. Current Xerox test
specifications require a 3.0 mph impact as stated in test
method B from ASTM D 4003-92.
"10.2.1 As pallet loads of containers are handled
with fork trucks, the pallets are subjected to impacts.
These impacts may cause the containers thereon to become
disoriented or crushed. The maximum impact levels that
may be anticipated are 10-g acceleration, 50-ms shocks
and 40-g acceleration, 10-ms shocks.
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10.2.2 A complete pallet load of containers with the
pallet and restraining devices including plastic
overwrap, if used as is intended for shipment, should be
used for the test.
10.2.3 Place the loaded pallet on the test carriage
at the center position of the specimen mounting surface
with the edge of the pallet or the load firmly positioned
against the bulkhead. The test carriage should be
impacted at the precalibrated test levels to impact at
the acceleration and duration chosen. For a four-way
entrance pallet rotate the test pallet
90
and subject to
test levels on the second
face."
(ASTM D 4003-92,
Standard Test Methods for Programmable Horizontal Impact
Test for Shipping Containers and Systems (Philadelphia:
American Society for Testing and Materials, 1992) 663)
Similar product manufacturers such as IBM, Hewlett Packard,
and Xerox follow this test method and list it in their test
specifications .
This research was started due to an issue that
arose at Xerox. Two types of impact tables were being used
at different Xerox testing facilities. The same product was
tested on both a horizontal impact machine and an incline
impact machine. Both machines were measuring 3 mph sled
speed. However, the results were not the same. This
instituted the start of an investigation as to why the
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results were not the same. The question then was asked
whether the two types of impact tables could create the same
resultant impact. The results of this research follows in
this thesis .
Hypothesis
The purpose of this study is to prove that it is
possible for a horizontal impact table to create a resultant
impact the same as that of an incline impact table. It is
assumed that the resultant impact created would be defined
as velocity change (Av) . If this statement is true, an
equivalent Av can be generated from each table . For the
purpose of this report, it will be assumed that results
within a 5% error are acceptable for a comparison. To
establish this, each table must be tested and calibrated.
To maintain repeatability, the test created will give
data on the machine itself, not on a specific product or
sample . This is done so as not to add unnecessary variables
to the test. At this point it is assumed that if the
hypothesis is proven true, a sample product tested on each
table will have the same test results.
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Test Methodology
The Rochester Institute of Technology (RIT) incline
impact table used in this study was modified by attaching a
sail to the sled and a programmer to the sail to create
varied durations of impact. In another case, a horizontal
table had the rail lengthened for better control on
preacceleration. The horizontal table at Xerox has a sail
attached to the sled that is removable if desired for
specific testing circumstances.
The same measuring devices were used to take data from
each table. This included a Lansmont Data Saver and a
timing device. Both measuring devices were calibrated for
accuracy just prior to the testing.
There currently is no measuring device used on the
incline impact machine. At this point, a timing device was
used to get preset points on the machine . To reconfirm
this, the same timing device used to calibrate the
horizontal impact machine was used to verify the speed of
the incline impact machine.
The measuring device used on the horizontal impact
machine is a wave form analyzer that converts the received
pulses into impact velocity (Av) . For uniformity purposes,
the information received from each impact was referenced not
from the wave form analyzer, but only from the timer and the
data saver. The timer and data saver are both portable
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devices, and could be used to take measures from both impact
tables . Although the information produced from the wave
form analyzer was not used in this study, the results were
still recorded and statistically analyzed to confirm
accuracy when doing normal testing without the data saver.
This included comparison of the wave form analyzer to the
data saver in calculating the Av or impact velocity, and
the wave form analyzer to the timer to confirm sled speed.
Incline Impact Table
Initial Problems
When using the incline impact table at the original
setting of 72 inches the timer gave readings of 2.4 mph.
Therefore, the test was stopped, and readings were taken at
different points along the rail until the point at which 3
mph readings could be taken. This point was at 55 inches
from the back of the rail.
Setup of Incline Impact Machine
(See setup photos in Appendix A.)
A one inch flag was attached perpendicular to the
incline impact table where it would pass through a timing
gate just prior to the point of impact. The timing gate was
mounted to a fixture that was also set at 10. The fixture
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was on a pivot so that when the table was in the return
position, at
0
the gate would not interfere with the flag.
(Appendix A, Figures 19 - 24 . ;
The duration of the impact velocity, of Av, was
measured when the flag passed through the sensor, which sent
two pulses to the timer . One pulse was sent when the one
inch flag first broke the eye beam, and the second when the
flag finished passing through the eye beam. The timer
measured the time period between the two pulses.
This particular table had a programmer on the back of
the sail. The programmer is a dense plastic cushion
surrounded by a spring that allows some control of the
duration of the impact. The programmer acts as a cushion to
the impact. Depending on the density of the programmer and
the setting of the spring, the harshness and duration of the
impact can be somewhat controlled. The incline table used in
this case had a permanent programmer attached to the sail,
and could not be adjusted. However, the spring surrounding
the programmer could be set for different levels of
resistance. The setting on the programmer for this test was
placed at
"9,"
which is the setting for least resistance.
The lock position for the table base was set at 55
inches from the end of the rail (closest to the hydraulic
lift) . This placement was believed to achieve a three
miles-
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per-hour sled speed, which should create a three miles-per-
hour resultant impact.
Once the table was set into position, the data saver
was mounted against the sail in the center of the table
using four points of beeswax placed at each corner on the
bottom of the data saver. Once the saver was mounted, the
"on"




After taking ten impacts, the timer device read a sled
speed of close to 3 . 8 mph. It should be noted that at this
point, the Av on the wave form analyzer was 3.8 mph. The
impact velocity on the wave form analyzer read 3.0 mph. The
sled velocity was then lowered over a number of impacts
until 3.0 mph was established on the timer. At this point
the sled speed setting was at 2.44. The Av on the wave
form analyzer was 3.0 mph and the impact velocity on the
wave form analyzer read 2.4 mph.
At this point it was established that the horizontal
impact table should be treated as a simulation table. In
other words, in order to create an impact of 3.0 mph, you do
not have to have a sled speed of 3.0 mph. This is due to
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the lack of gravity affecting the table speed. However,
with an incline table, which is gravity driven, the speed of
the sled should be the same as the desired impact speed. In
addition, it should be noted that the wave form analyzer
used on the horizontal impact table is mislabeled. The
button labeled
"impact"
refers to the sled speed instead of
the velocity of impact or Av. This is important to note if
the impact value is recorded from the wave form analyzer.
Setup of Horizontal Impact Machine
(See setup photos in Appendix B.)
The horizontal impact machine has a wave form analyzer to
measure the sled speed, impact velocity or AV, g level, and
duration of impact. The wave form analyzer was triggered by
a one inch flag going through a gate. Although information
was recorded from this device, the comparison between tables
was made solely between the timing device and the data
saver. The timing gate that was always attached to the rail
was adapted so that the wave form analyzer that normally
receives the pulses also sends the pulses to the timer. The
timer measures the time between the two pulses given when
the flag first trips the sensor and when it finishes passing
through the sensor. The same one-inch flag was mounted under
the table to pass through the timing gate.
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The table controller set velocity was placed at 2.44,
which would create a 3 miles per hour resultant impact. The
table set point was placed at 5 . 0 (based on manufacturer
setting recommendations) . The release point setting is
placed at 6.1. This represented the release of the plunger
that ramps up the speed of the table. Again this setting is
based on manufacturer recommendations.
The programmers on this table have the potential to be
interchanged. The goal was to achieve a 3.0 resultant
impact without changing the programmers at their current
setting. The current programmers on the table used are
three red one inch programmers on the sail, and three black
two inch programmers on the back stop. The red programmers
are the stiffest available for this table. The black
programmers are the softest, and most cushioned available
for this table.
The data saver was mounted against the sail in the
center of the table using four points of beeswax placed at
each corner on the bottom of the data saver. Once the saver
was mounted, the
"on"
button was depressed allowing the
saver to start receiving signals.
See appendix E for the test procedures for the Incline
Impact Table. See appendix F for the test procedures for
the Horizontal Impact Table.
Hoffnung 13
The Test
Once the speed of both tables was established at 3.0
mph, thirty impacts were taken on each machine for
statistical purposes . This also allowed for reproducibility
of the tests, and predictability of each machine. Each
impact was recorded by the Lansmont Data Saver. The
information from the timer was also recorded.
After the thirty impacts were taken, a true comparison
and analysis of each table was made.
Analysis of Results
It is assumed that a gravity-driven incline impact
machine must reach the same speed at the point of impact as
the resultant impact that will be created. First a
verification was done comparing the data saver to the timer
used on the incline impact machine. The verification was
done because the timer was the only measuring device
attached to the incline machine. Therefore, the data saver
is used to measure the resultant impact or Av.
Note: The conversion equation from milliseconds to
miles per hour is: mph = l/msec/1000 X .057.
(See Appendix C for graphs of data saver recordings)
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Table 1
Data Saver on Incline
Impact Table

































































The first analysis completed was a descriptive analysis
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95%Confidence Interval fa Median
95% Confidence Interval for Mu
2.98211 3.01255
95% Confidence Interval for Sigma
0.03246 0.05480
95% Confidence Interval for Median
2.98000 3.00000


















95%Confidence Interval for Mu
3.00446 3.01868
5% Confidence Interval for Sigma
0.01517 0.02560
5% Confidence Interval for Median
3.00600 3.02009
Fig. 2. Descriptive Statistics for timer on incline
impact table.
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Table 3 . Descriptive Statistics comparison
Variable N Mean Median Tr Mean St Dev SE Mean
RIT MPH 30 2.9973 2.9900 2.9927 0.0408 0.0074
RIT TIMER 30 3.0116 3.0135 3.0127 0.0190 0.0035
Variable Min Max Ql Q3
RIT MPH 2.9400 3.1600 2.9700 3.0125
RIT TIMER 2.9500 3.0430 3.0015 3.0248
Both these descriptive graphs show some anomalies that
need further examination. At this point a regression
analysis was performed to establish more details into the
anomalies . It should also be noted that the standard
deviation is in a very close range along with an extremely
close mean to 3 . 0 mph for each device.
This formula tries to define a relationship between the
Data Saver and the Timer in the form of a regression (or
predictor) equation. Before you can use the equation,
you
must check to see how well it approximates or fits the data.
To do this, a distribution analysis was
performed on the
residuals from the regression analysis. (Actual value
=
predicted (or fitted) value + residual) The residual
analysis included tests for normality, independence, and
homogenous variance of the residuals.
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Normal Probability Plot of the Residuals

















Fig. 3. Normal plot of residuals
Histogram of the Residuals














Fig. 4. Histogram of Residuals
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Residuals Versus the Fitted Values






Fig. 5. Comparison of fitted residuals
Residuals Versus the Order of the Data






Fig. 6. Comparison of order residuals.
The regression equation is: a = 1.23 + 0.586 0MPH
a = Incline impact table data saver in mph
P = Incline impact table timer in mph
Table 4. Regression analysis
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Predictor Coef St Dev T P
Constant 1.232 1.172 1.05 0.302




















R denotes an observation with a large standardized
residual .
X denotes an observation whose X value gives it large
influence .
These graphs and response tables show that two points
are inaccurate. Point #11 from the Incline table timer
(MPH) at 2.97 value is showing an irregularity. This error
could be due to human error. The gate on this table has to
be manually adjusted with each impact and might have
been
slightly misaligned for this impact. In addition,
point #
22 from the Incline table data saver (MPH) denotes an
irregularity. The error here may have been that the table
was not completely locked before the impact was taken. This
could have caused an accelerated speed, and therefore an
inappropriate impact. To verify that these two points are
out of the norm, two final tests were run.
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Fig. 7. Individual chart for incline table
timer.
Test 1. One point more than 3.00 sigmas from center
line. Test failed at point 11.














O bservation N urn ber
Fig. 8. Individual chart for incline table data
saver .
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Test 1. One point more than 3.00 sigmas from center
line. Test failed at point 22.
These individual charts verify the error points being
out of normal range. Since there are rational reasons for
these error points, for analysis purposes, these two points
will be eliminated and the statistic tests rerun without













































99%ConJcferce Interval for Medan
95% Confidence Interval for Mu
2.98135 a00209
95%Confidence Interval for Sigma
0.02164 0.03687
95% Confidence Interval for Median
2.97834 3.00000
Fig. 9. Descriptive Statistics for incline table
data saver with adjusted data.
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Descriptive Statistics
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2.99 3.00 3.01 3.02 3.03 3.04
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95% Confidence Interval lor Mu
3.00785 3.01953
95% Confidence Interval for Sigma
0.01218 0.02076
95%Confidence Interval for Median
95% Confidence Interval for Median
3.00600 3.02117
Fig. 10. Descriptive statistics for incline table
timer with adjusted data.
Normal Probability Plot of the Residuals





















1 1 1 1 1
Normal Score




Histogram of the Residuals




















Residuals Versus the Fitted Values
(response is RIT DATA SAVER (MPH))
Fitted Value
Fig. 13. Comparison of residuals to fitted values on
incline impact table adjusted data.
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Residuals Versus the Order of the Data









Fig. 14. Order of residuals from incline impact table
adjusted data.
Table 5. Descriptive Statistics
a = Incline impact table data saver in mph
P = Incline impact table timer in mph
Variable N
N* Mean Median Tr Mean St Dev SE Mean
a 29 1 2.9917 2.9900 2.9911 0.0273 0.0051
P 29
1 3.0137 3.0140 3.0137 0.0153 0.0028
Variable Min Max Ql Q3
a
2.9400 3.0600 2.9700 3.0050
P
2.9830 3.0430 3.0040 3.0255
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Table 6 . Regression analysis
The regression equation is: a = 0.994 + 0.663 P
Predictor Coef St Dev T P
Constant 0.9942 0.9608 1.03 0.310
P
0.6631 0.3188 2.08 0.048
The results of these graphs show normality when looking
at the Normal Probability Graph and the Histogram of
Residuals . Constant variance is determined when looking at
Residuals vs. Fits and Residuals vs. Order. A low P value
shows that the data used is statistically significant, and
thereby shows a significant relationship in comparing the
data saver and the timer. It should be noted however that
the Residual Order Chart denotes a time trend. This is
consistent with the data taken from the Horizontal Impact
Table. The impact table was not designed to test a product
with thirty consecutive impacts. Approximately
ten impacts
is the maximum the table can run without a cooling period
using the test
procedures in this report. The next ten
impacts appear to remain consistent with periodic breaks.
The two final Individual Charts prove that
each is





























Fig. 15. Individual chart of data saver from incline
impact table.
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Fig. 16. Individual chart of timer from incline impact
table .
The previous test proves both the data saver and the timer
are acceptable measuring devices for this test. The final
analysis run was the actual comparison between both tables .
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This involved doing a direct comparison using a Two Sample
T-test to compare the two machines. This did not compare a
one-to-one impact but rather the overall performance for
both tests. The data saver results from the incline impact
table would be compared to the data saver results from the
horizontal impact table.
Hoffnung 28
Table 7 . Comparison of data points from incline impact











7.27 44.14 2.97 18.92 3.01
7.10 45.31 2.96 18.89 3.02
7.49 46.48 2.99 18.80 3.03
7.47 47.66 2.99 18.89 3.02
7.20 45.31 3.00 18.96 3.01
7.21 50.00 3.04 19.00 3.00
7.40 48.05 3.02 18.82 3.03
7.43 45.31 3.03 18.77 3.04
7.20 44.92 3.00 18.90 3.02
7.20 44.92 2.99 18.90 3.02
7.02 45.70 2.97 19.32 2.95
7.34 46.09 2.98 18.81 3.03
7.23 48.83 3.00 18.83 3.03
7.37 44.92 2.96 18.77 3.04
7.20 44.92 3.01 18.85 3.02
7.35 44.14 2.95 18.96 3.01
7.37 48.05 3.02 18.87 3.02
7.24 45.31 2.97 18.99 3.00
7.59 44.92 2.97 18.86 3.02
7.34 44.14 2.97 18.95 3.01
7.21 50.39 3.06 18.73 3.04
7.16 55.47 3.16 18.91 3.01
7.19 48.83 2.98 19.06 2.99
7.19 47.27 2.98 19.11 2.98
7.66 47.27 3.00 18.94 3.01
7.74 44.53 2.99 19.03 3.00
7.47 45.70 3.00 18.96 3.01
10.89 2.34 3.00 19.01 3.00
7.55 44.53 2.94 19.09 2.99











17.70 19.14 3.16 23.94 2.38
17.55 19.53 3.15 24.06 2.37
17.62 18.75 3.15 24.04 2.37
17.69 18.75 3.16 23.96 2.38
17.62 19.14 3.15 24.00 2.38
17.53 19.14 3.14 24.11 2.36
17.58 18.36 3.14 24.03 2.37
17.79 18.75 3.16 23.96 2.38
17.64 18.75 3.15 24.08 2.37
17.63 19.14 3.14 24.07 2.37
17.63 19.14 3.14 24.06 2.37
17.80 19.14 3.16 23.92 2.38
17.63 19.53 3.14 24.07 2.37
17.58 18.75 3.14 24.07 2.37
17.52 20.31 3.13 24.14 2.36
17.41 19.14 3.12 24.20 2.36
17.52 19.14 3.13 24.17 2.36
17.37 19.14 3.12 24.24 2.35
17.25 19.14 3.10 24.33 2.34
20.87 18.36 3.48 22.18 2.57
17.31 19.53 3.12 24.27 2.35
17.25 19.14 3.10 24.31 2.35
17.08 18.75 3.09 24.42 2.33
17.09 19.53 3.09 24.41 2.34
17.09 19.53 3.08 24.48 2.33
16.86 19.53 3.06 24.56 2.32
17.08 18.75 3.08 24.46 2.33
17.14 18.75 3.09 24.42 2.33
16.86 19.14 3.06 24.59 2.32
16.92 18.75 3.06 24.56 2.32
Hoffnung 29
When comparing the data, a small error was noticed in
the two tables. It is assumed that as long as the error is
within a 5% range, the information is still significant and
acceptable. The response variable is the data saver since
it is recording the resultant impact (as previously shown in
the statistical analysis). The predictor is the timer. It
will be assumed that since the timing gate on the incline
impact table was manually adjusted, there is more chance for
error using this table. No manual manipulation was needed
to measure results on the horizontal impact table.
Therefore, the error factor should be calculated into the
data saver results.
Hoffnung 30










2.97 3.10 18.92 3.01
2.96 3.09 18.89 3.02
2.99 3.12 18.80 3.03
2.99 3.12 18.89 3.02
3.00 3.14 18.96 3.01
3.04 3.18 19.00 3.00
3.02 3.16 18.82 3.03
3.03 3.17 18.77 3.04
3.00 3.14 18.90 3.02
2.99 3.12 18.90 3.02
2.97 3.10 19.32 2.95
2.98 3.11 18.81 3.03
3.00 3.14 18.83 3.03
2.96 3.09 18.77 3.04
3.01 3.15 18.85 3.02
2.95 3.08 18.96 3.01
3.02 3.16 18.87 3.02
2.97 3.10 18.99 3.00
2.97 3.10 18.86 3.02
2.97 3.10 18.95 3.01
3.06 3.20 18.73 3.04
3.16 3.30 18.91 3.01
2.98 3.11 19.06 2.99
2.98 3.11 19.11 2.98
3.00 3.14 18.94 3.01
2.99 3.12 19.03 3.00
3.00 3.14 18.96 3.01
3.00 3.14 19.01 3.00
2.94 3.07 19.09 2.99







































The comparison is shown by these two plots:
Bo xp lots of Horizontal ImpactTable Data Saverand
Incline ImpactTable Adjusted Data Saver
(means are indicated by solid circles)
Fig. 17. Comparison of incline impact table and
horizontal impact table using adjusted data
points .
Dotp lots of Horizontal Impact Table Data Saver
and Incline ImpactTable Adjusted Data Saver
(means are indicated by lines)
DSMPH
Fig. 18. Comparison of incline impact table and
horizontal impact table using adjusted data
points .
Hoffnung 32
These results show a direct relationship between the
two tables signifying that they can indeed produce the same
results within a 4.5% error. A permanent attachment to the
incline impact table for the timer and the timing gate may
reduce this error percentage further.
Conclusion
Due to the lack of information currently in the
marketplace, customers had to rely on the information from
sales personnel as to which impact table to purchase for
their needs. With this study, customers can purchase either
type of table and be confident that the same resultant
impact can be achieved. In addition, companies with several
packaging labs with either of the two test tables can
conduct tests, confident that the test results will not be
dependent on the type of equipment used. This will save a
great deal of time, labor, cost, and shipping associated
with independent lab testing that could otherwise have
divergent test results.
In summary, this is a highly significant and successful
test. Now the only decision a customer might have to make
is whether or not the testing involved requires flexibility
in cushioning, duration, and energy levels. If the need for
flexibility exists, the horizontal impact table may be the
machine of choice. If just the basic ASTM standard testing
Hoffnung 33
is required, the incline impact table may be the better
table .
Appendix A
Setup Photos for Incline Impact Table
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Fig. 19. Incline Impact
Table and Timer Gate.
Fig. 20. View of
Timer Gate and Flag.
. "
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Fig. 21. Side View of Timer Gate and Flag.
Fig. 22. View of Timer, Timer Gate, and Flag
against Backstop.
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Setup Photos for Horizontal Impact Table
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Fig. 25. Side View of Horizontal Impact
Table and Controller (including
Wave Form Analyzer) .
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View of Timer, Timing Gate,
and Backstop.
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Fig. 27. View of Placement of Data Saver
on Horizontal Impact Table.
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Appendix E
Test Procedures for Incline Impact Table
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Incline Impact Table
1 . Turn on data saver .
2. Wait two minutes before taking first shot.
3. Zero timer.
4 . Make sure table is in locked position at 55-inch
setting.
5. Place lever on hydraulics to up position to raise table
to 10.
6 . Push table lever down quickly to release table from
locked position.
7. Impact is recorded by data saver.
8. After impact, pivot sensor before table returns to
0
position.
9 . Push hydraulic lever down to lower table .
10. Record speed shown on timer.
11. Reset timer to zero by pressing the
"reset"
button.
12. Push table back to the lock position. You should hear
the clamp pop into place.
13. Reposition timing gate to prepare for next impact.
14. Repeat steps four through thirteen until thirty total
impacts are recorded.
Appendix F




The Set Point should be at 6.1.
Manual Program should be set at 5.0.
The AV to achieve is approximately 3.0. There is
currently a .05 % error that allows for some flexibility.
To achieve a AV of 3.0 set the Sled Velocity to 2.4.
If the Av is too low after taking two or three test
shots during the warm-up of the table, slowly edge up
the Sled Velocity dial and take a shot until the proper
AV is achieved. (This sled velocity setting may vary
from table to table. The speed may have to be adjusted
up or down to achieve the required AV. ) Note: Please
do not make any adjustments until after the second shot
has been taken. The first shot reading will always be
skewed .
Procedure
1. Turn on electric power switch. (Up = on, Down = off)
2. Turn on the water line, which cools the hydraulic system.
The handle Is located below the power switch and should




3 . Open the valve to the Nitrogen tank with the gauge
attached. NOTE: The sled requires approximately 1200
psi of pressure for dependable operation.
4. In the 436 Control Unit, press Hydraulic pressure button
low, and wait 15-30 seconds.
5. In the 436 Control Unit, press Hydraulic Pressure button
high.
6 . Press the Charge button on the System Control Panel .
7 . Wait until the accumulator charged lamp is illuminated
red in the System Control Panel (takes approximately
three minutes) .
8. Press Run button in the 436 Control Unit.
9. Take 4 test shots to warm up table, with two minutes
between each shot (start timing from when sled is in
returned position). When firing shots:
a. Press Arm button on 466 wave form analyzer.
b. Wait until wave form analyzer reads "armed".
c. Press Arm button on the System Control Panel.
d. /Announce
"firing"
to warn the other people in
the lab .
e. Press both Fire buttons on the System Control
Panel at the same time .
f . Immediately press the Disarm and Charge
buttons on the System Control Panel.
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g. After emergency stop (E-STOP) light goes out,
press the Disarm button and the Table
Retract button on the System Control Panel.
10. When table has returned to the home position, set the
timer to two minutes .
11. Record data on Horizontal Impact Data Sheet. Repeat
firing shot procedures until four shots completed
12. If after four shots, the speed at the AV does not
read 2.95-3.05 mph adjust the Sled Velocity slightly in
the direction needed and take two more test shots .
(Based on past Wave Form Analyzer readouts.)
13. After warm up and the correct Av are
achieved, repeat procedures from 9 a-g through 10 until
thirty shots have been achieved.
Note: Make sure to record timer information and wave
form analyzer information for each shot .
Shut Down
After the test is completed use the following sequence
1. Press the Stop button on the 436 Control Unit.
2. Press the Discharge button on the System Control Panel.
3 . When the accumulator discharge lamp is illuminated, press
the Hydraulics Low button located on the System Control
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4. Wait 10-15 seconds.
5. Press the Hydraulics Off button.
6. Close the valve on the nitrogen tank.
7. Turn off power.
8 . Turn off water
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